Our ab initio studies show that surface defects cause redistribution of the electron density which can increase substantially the binding energy of metal atoms to oxide surfaces. The results for electron ͑F 0 s ͒ and hole ͑V 0 s ͒ centers in the adhesion of Ag atoms (at 1:4 and 1:1 coverages) to a MgO(100) surface, combined with previous studies for charged defects, support earlier ideas of the mechanism of radiation-enhanced adhesion of nonreactive metals on oxide substrates. The results suggest that some optical control of adhesion energies is possible through charge transfer. Given that metal-oxide interfaces are critical to many areas of technology (e.g., [1] [2] [3] ), from protective oxides through nuclear fuel-clad interactions to catalysis, the control of interfacial energies has special importance. Here, we extend ideas proposed earlier on the basis of the image interaction model [4] which suggest a key role for defects, especially charged defects. Our ab initio studies show that these basic ideas were largely correct. The relation between interface strength and its atomic/electronic structure is a complex one [5, 6] , and open questions remain, despite many studies of the adhesion of noble and transition metals to metal oxides. In our calculations [7] on the slab model of a perfect Ag͞MgO(100) interface, we used the Hartree-Fock (HF) method with electron correlation corrections [8] as implemented in the CRYSTAL95 computer code [9] . Generalizing these large-scale calculations to complex technological situations demands much simpler methods, such as the phenomenological atomistic shell model (SM) [10] and image interaction model (IIM) [4] . One of the implications of the IIM was that charged defects could give rise to significant changes in interfacial energies [4] , and it is this idea we extend in the present Letter.
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In our new calculations on the Ag͞MgO(100) interface with defects, we again used the ab initio HF computer code CRYSTAL95 for periodic systems [9] with Perdew-Wang generalized gradient approximation a posteriori electron correlation corrections to the total energy [11] . The basis sets (BSs) used were all-electron 8-61G Table I show the effects of defect density, though not negligible, are generally small and unlikely to have a dominant influence. [14] and previous localdensity-approximation-type calculations [2] . For the favored Ag configuration over O, the equilibrium interface distances calculated by all the microscopic methods lie within the range 2.4 to 2.7 Å; the image model result also agrees, giving 2.53 Å [12] . Our value of 2.43 Å for three metal layers coincides with recent experimental data [14] . As the number of Ag(100) planes changes from one to three, the adhesion energy over regular O atoms increases from 0.25 eV up to 0.46 eV, but it has little effect on silver adhesion over a Mg atom. Experimentally, the relevant Ag adhesion energy is estimated as 0.26 eV [15] , presumably lower than the value for a perfect surface because of misfit dislocations due to the 3% difference in lattice parameters of Ag and MgO crystals, neglected in our calculations.
The calculated Mulliken charges on Ag atoms (Dq ͑Ag͒ in Table II) It is this small but significant charge, plus differences in dispersion forces, which are the main reasons for differences in predictions of the IIM model and our HF slab simulations. The atomic dipole moments D ͑Ag͒ z (Table II) characterize a shift of electron density along the z axis (the outward normal to the surface [9] (Table II) , unlike the adhesion of one and three Ag layers. This may be explained by a partial compensation of electrostatic attraction and repulsion between slightly charged silver adatoms and nearest substrate ions. Both SM [10] and HF cluster [13(b) ] calculations also predict preferential adsorption over O 22 , but with different adhesion energies (Table II) . The smaller SM value may result from the neglect of the electron density redistribution within the metal film.
In calculations for a defective MgO surface, we first optimized the geometry of a pure MgO(100) slab around neutral F density maps indicate that the Ag 21 ion is quite strongly polarized and deformed (cf. similar data for Ag atom adsorption on the perfect surface in Table II Table II show that Ag 2 is strongly deformed. These results complement earlier IIM studies [16] which give the interaction energy between the doubly charged vacancy (preferentially in the subsurface plane) and a neutral Ag atom to be ഠ2 eV. The latter estimate is close to the SM prediction of 2.54 eV [10] in which the effect of charge transfer to metal atoms from defects was also neglected.
Lastly, we performed calculations for the Ag monolayer over an array of the F 0 s centers in the same concentration (1:4). The binding energy per 2 3 2 extended unit cell increases by 0.75 eV, i.e., there is an additive effect in the interaction of four Ag atoms with the defect and three regular O 22 ions. The adhesion energy for each of the three Ag atoms is 0.75͞3 0.25 eV, which is very close to that for a perfect surface. The quadrupole moments of Ag atoms (Table II) imply large deformation. It seems likely that such a monolayer would be unstable with respect to faceting.
In summary, we have shown that chemical bond formation is not important for the perfect Ag͞MgO(100) interface. However, even neutral surface defects could play a crucial role in metal adsorption kinetics on oxide surfaces and in the adhesion energy of metals to oxides. This, together with previous work showing the role of charged defects, is supported by experimental studies of radiationenhanced adhesion [1, 18] . An Ag atom above a V 0 s center donates two valence electrons to the four O atoms surrounding the Mg vacancy, becoming an Ag 21 ion, which is drawn towards the surface and, in effect, substitutes for the missing Mg 21 ion. There is a very large electrostatic stabilization effect confirmed by results of previous HF cluster simulations on adhesion of Ag, Pd, Rb [13(b) ], and Cu [19] on MgO(100). In contrast, Ag atoms atop the F 0 s centers attract one of the defect electrons, yielding a strongly bound complex Ag 2 ͞F 1 s of oppositely charged defects. Here, unlike Ag on the perfect surfaces, there is considerable covalent bonding, localizing an additional 0.5e. This charge-transfer effect was not observed in cluster calculations [13(b) ]. Another important result of our work is the validation of earlier ideas [4, 16] that interface defects (e.g., radiation-induced) can strongly enhance metal adhesion. This study was supported by a British-Latvian Royal Society Joint Project Grant for collaborations with the former Soviet Union. Y. Z. greatly appreciates the support of the Centre for Chemical Physics at the University of Western Ontario (Canada). We thank A. Shluger, J. H. Harding, E. Heifets, and A. B. Kunz for useful discussions.
